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SEMICONDUCTOR MEMORY CELL AND
SEMICONDUCTOR MEMORY DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The vention relates to a semiconductor memory cell
having a fieled eflect transistor device and to a semiconduc-
tor memory device.

In semiconductor memory devices, a multiplicity of semi-
conductor memory cells are generally configured and inter-
connected 1n a very confined space. In many concepts of
semiconductor memory cells, the actual memory element 1s
an explicitly formed storage capacitor which 1s accessed 1n
a controllable manner by an access transistor or a selection
transistor in order to read out or alter the storage state of the
storage capacitor of the semiconductor memory cell.

The desire for ever higher integration densities and for
ever more tlexible application possibilities makes 1t neces-
sary to develop novel concepts of semiconductor memory
cells. In particular, the functional separation between storage
capacitor on the one hand, and access transistor on the other
hand, 1s associated with a high space requirement.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide a
semiconductor memory cell and a semiconductor memory
device, which overcome the above-mentioned disadvan-
tages of the prior art apparatus of this general type.

In particular, 1t 1s an object of the invention to provide a
semiconductor memory cell and a semiconductor memory
device that can be used 1n a particularly space-saving and
flexible manner.

With the foregoing and other objects 1n view there 1s
provided, in accordance with the mnvention, a semiconductor
memory cell including a field-effect transistor device. The
ficld-efiect transistor device includes: a first source/drain
region, a second source/drain region, a channel region
formed between the first source/drain region and the second
source/drain region, a gate region having a gate electrode
configuration with a first gate electrode, and an insulation
region insulating the gate region from the channel region;
and at least one modulation region configured between the
first gate electrode of the gate electrode configuration and
the msulation region. Different information states are detect-
able and/or representable as diflerent electric currents tlow-
ing through the channel region when a given electrical
potential difference 1s applied between the first source/drain
region and the second source/drain region. The modulation
region includes modulation material having at least two
states. The modulation region 1s controllably modulatable
between the states to electromagnetically influence the chan-
nel region, 1n accordance with the states, for a given elec-
trical potential difference applied between the first gate
clectrode and the first and second source/drain regions. The
modulation material of the modulation region enables a
capacitance modulation.

The semiconductor memory cell of the generic type has a
field-eflect transistor device. The field-eflect transistor
device has a first and a second source/drain region with a
channel region formed 1n between, and also a gate region
with a gate electrode configuration insulated therefrom by an
insulation region. In the semiconductor memory cell of the
generic type, different information states can be detected
and/or represented as electric currents flowing for a given

10

15

20

25

30

35

40

45

50

55

60

65

2

clectrical potential difference between the source/drain
regions via the channel region.

The semiconductor memory cell 1s characterized in that at
least one modulation region 1s provided between a first gate
clectrode of the gate electrode configuration and the 1nsu-
lation region, and in that the modulation region has or is
formed from a material or modulation material having
clectrical and/or further material properties that can be
modulated 1 a controllable manner between at least two
states 1n such a way that, 1n accordance with these states of
the modulation material or of the modulation region, the
channel region can be influenced electromagnetically, 1n
particular for a given electrical potential diflerence between
the first gate electrode and the source/drain regions.

Consequently, a central idea of the present invention 1s to
clectromagnetically influence the channel region of the
field-eflect transistor device. In particular, for example, for
a given constant electrical potential diflerence between the
first gate electrode, the gate electrode configuration and the
source/drain regions, at least one modulation region with a
modulation material 1s provided between the first gate
clectrode of the gate electrode configuration and the 1nsu-
lation region. The electromagnetic influencing becomes con-
trollable by virtue of the fact that the electrical and/further
material properties of the modulation material can be modu-
lated 1n a controllable manner, 1n particular between at least
two states that differ from one another. This means that, for
example, 1n accordance with a first state of the modulation
region, for a given potential difference between the first gate
clectrode and the source/drain regions, an electromagnetic
influencing of a first intensity 1s exerted, whereas, after the
modulation of the modulation material toward the second
state, the channel region can be 1nfluenced electromagneti-
cally with a second intensity that differs from the first
intensity.

Ultimately, the information content of the memory cell 1s
defined by the respective state of the modulation matenal. In
this case, a multiplicity of modulation states are also con-
ceivable, in principle, so that more than two states and
hence, more than one binary bit can be stored 1n a given
memory cell.

By virtue of the configuration, the storage capacitor 1s
formed 1n an integrated fashion with the selection transistor.
The modulation of the properties of the modulation material
corresponds to a corresponding capacitance modulation and,
consequently, to a modulation of the electric field strength,
in particular 1n the channel region, as a result of which the
latter 1s 1nfluenced electromagnetically.

In accordance with a particularly preferred embodiment
of the semiconductor memory cell, the electrical conductiv-
ity of the channel region 1s controllable by the states of the
modulation region and, in particular, of the modulation
material and/or by the corresponding state changes. The
modulation or change of the electrical conductivity of the
channel region connecting the source/drain regions influ-
ences and modulates the measurement signal that 1s neces-
sary for sensing the information state contained in the cell,
namely the current flowing 1n the channel. In this case,
ultimately the states of the modulation region are unambigu-
ously assigned to the channel current intensities.

In another embodiment of the semiconductor memory
cell, different electric field strengths and/or electrical poten-
tials can be applied to the channel region by the states of the
modulation region and, in particular, of the modulation
material and/or by the state changes.

It 1s possible to vary a multiplicity of properties with
regard to the modulation region and, 1 particular, with
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regard to the modulation material by external influencing. In
particular, 1t 1s conceivable to form the modulation matenal
such that 1t can be modulated with regard to 1its specific
clectrical conductivity, 1ts dielectric properties, 1ts polariza-
tion properties and/or the like.

The influencing of the modulation region or the modula-
tion material and the properties thereotf can be effected by
thermal, electrical, magnetic, electromagnetic influencing,
and/or the like. Materials exist whose electrical conductivity
or dielectric constant 1s switchable by the application of a
suitable electrical pulse. It 1s possible to eflect e.g. an
influencing by the current flow, then e.g. by means of the
corresponding heating, which leads to a phase transforma-
tion, e.g. between crystalline and amorphous phases. Shift-
ing Redox equilibria and/or the like 1s also a promising
possibility as a process taken as a basis for the modulation.

In principle, the above-specified configuration with two
source/drain regions, a channel region provided 1n between,
and a gate region with a first gate electrode 1insulated
therefrom 1s suflicient for the semiconductor memory cell.
However, 1n accordance with a further embodiment of the
semiconductor memory cell, 1t 1s also conceivable to provide
a second gate electrode. The latter then enables the further
targeted influencing both of the properties of the modulation
region and of the modulation material and of the channel
region itsell.

It 1s particularly advantageous if the second gate electrode
1s provided between the insulation region and the modula-
tion region or the modulation material.

In a further embodiment, the second gate electrode 1s
formed directly adjacent to and/or directly adjoining the
insulation region.

In accordance with another embodiment of the semicon-
ductor memory cell, the modulation region and 1n particular
the modulation maternal 1s formed directly or immediately
between the first gate electrode and the second gate elec-
trode. What 1s formed 1n this case, as 1t were, 1s a layer
sequence mcluding a first gate electrode, modulation mate-
rial and second gate electrode. By virtue of this configura-
tion, the state of the modulation region and of the modula-
tion material provided therein can be set and chosen
particularly carefully.

In accordance with another embodiment, the second gate
clectrode 1s formed as a free gate electrode or as a so-called
floating gate.

In principle, the channel region 1s continuously influenced
by the properties of the modulation region and the envisaged
clectrical potential difference between the first gate electrode
and the source/drain regions. However, situations are con-
ceivable i which a memory cell 1s not mtended to be
enabled for access, to be precise without having to change
the potential difference between the first gate electrode and
the source/drain regions, which, moreover, might have the
cllect that this could also change the properties of the
modulation region and of the modulation material provided
therein, which 1s undesirable. For this case, 1t 1s particularly
advantageous 1 a third gate electrode 1s provided in direct
lateral proximity to the second gate electrode as a control
clectrode. The additional control electrode i the form of a
third gate electrode can then be used 1n order to additionally
apply an electrical potential difference or an electric field to
the channel region between the source/drain regions of the
field-eflect transistor device 1n such a way that the channel
path 1s interrupted, for example, even when the channel
region would actually be turned on because of the electrical
potential difference applied between the first gate electrode
and the source/drain regions. The electrical potential differ-

10

15

20

25

30

35

40

45

50

55

60

65

4

ence or the electric field between the third gate electrode and
the source/drain regions then largely does not influence the
modulation region and the modulation material provided
there, so that the information state 1n the semiconductor
memory cell 1s not mfluenced despite the field-effect tran-
sistor device being switched ofl.

In accordance with another embodiment of the semicon-
ductor memory cell, an electrically insulating dielectric
layer 1s provided between the second and optionally pro-
vided third gate electrode, on the one hand, and the 1nsula-
tion region or gate isulation region, on the other hand.

A particularly simple embodiment of the semiconductor
memory cell 1s produced if the modulation matenal can
assume or has a first high-impedance state and a second
low-impedance state.

In order to realize the modulatable material properties and
thus the control of the channel region, various substantive
embodiments are conceivable for the modulation region and
the modulation material provided therein.

The modulation region may be formed either from an
organic or from an inorganic material or from materials of
this type.

Appropriate inorganic materials are chalcogemdes, which
serve as phase transformation material. Furthermore, solid-
state 10nic conductors which contain a suitable metal are
conceivable.

Monolayers or films of finite thickness are appropriate 1n
the case of the organic materials. In particular, layers based
on bispyridinium or based on TCNQ and the organometallic
compounds thereof, for example Cu/TCNQ, are particularly
suitable.

For the optionally provided gate dielectric, too, various
materials or material combinations are provided, for
example mmorganic compounds, 1n particular including sili-
con dioxide, silicon nitride, aluminum oxide, zinc oxide,
hatnium oxide and/or the like and/or mixtures and/or com-
pounds thereof.

Organic compounds are also conceivable, in particular
polymers, polystyrene, polyethylene, polyester, polyure-
thane, polycarbonate, polyacrylate, polyimide, polyether,
polybenzoxazoles and/or the like and/or mixtures or com-
pounds thereof.

For the source/drain regions, the gate electrodes and/or
the respective leads, appropriate materials are metals, for
example, palladium, gold, platinum, nickel, copper, titanium
and/or the like. Doped inorganic and/or organic semicon-
ductors, for example camphorsulifonic-acid-doped polyana-
lines, polystyrene-sulifonic-acid-doped polythiophenes and/
or the like or mixtures or compounds thereof are also
conceivable.

Semiconductor memory cells which have the mventive
structure and in which a field-eflect transistor based on an
organic semiconductor material 1s used as field-eflect tran-
sistor device are particularly suitable for modern applica-
tions.

In this case, 1t 1s particularly suitable for the channel
region to have or to be formed from an organic semicon-
ductor matenial. In this case, 1t 1s particularly advantageous
that what 1s provided as organic semiconductor matenal, in
particular as p-type semiconductor, 1s a material based on
condensed aromatic compounds, in particular based on
anthracene, tetracene, pentacene, based on polythiophene,
for example, poly-3-alkylthiophene, polyvinylthiophene, or
based on organometallic complexes, for example, using
copper, of phthalocyanine or porphyrin.

It 1s furthermore advantageous to provide a flexible,
substrate, 1 particular using metals, for example copper,
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nickel, gold, iron sheet and/or the like, plastics, for example
polystyrene, polyethylene, polyester, polyurethane, polycar-
bonate, polyacrylate, polyimide, polyether, polybenzoxazole
and/or the like, paper and/or the like.

A Turther aspect of the present invention is the provision
of a semiconductor memory device which 1s characterized
by a plurality of the inventive memory cells.

In this case, various contact connections of the respective
source/drain regions and/or gate regions may be provided.

In accordance with a particularly advantageous develop-
ment of the semiconductor memory device, the source/drain
regions and/or the gate regions of a given semiconductor
memory cell are connected to other semiconductor memory
cells of the semiconductor memory device, preferably 1 a
matrix configuration, by directly connecting the respective
conductive regions.

As an alternative or 1 addition, the connection of a given
semiconductor memory cell of the semiconductor memory
device with regard to the source/drain regions and/or the
gate regions to other cells of the semiconductor memory
device 1s realized by an additional metal track or metalliza-
tion and optionally provided corresponding contacts.

The above-described and further aspects of the present
invention emerge from the observations below:

Electronics based on organic or organometallic com-
pounds 1s discussed for applications, e.g. ID tags, smart
cards, etc., which need have a lower performance 1 com-
parison with chips fabricated from silicon. The price per-
mitted for these systems can no longer be achieved by
silicon-based electronics. Logic circuits based on organic
semiconductors have already been successively demon-
strated many times.

In the matenial development of volatile or nonvolatile
memories based on organic polymers and molecules (also
organometallic), promising maternials are those based on
bispyridintum derivatives, chalcogenides or organometallic
complexes which have two or more diflerent conductivity
states. This invention describes, iter alia, a component that
includes a memory cell with a selection transistor and can be
integrated in circuits with organic semiconductors.

This yields, for example, the following advantages and
aspects:

the possibility of changing the conductivity, in particular
in the organic or organometallic substances based on bispy-
ridinium or organometallic complexes, 1s utilized to con-
struct a polymer-based rewritable or write-once, nonvolatile
memory element;

the component inherently contains a built-in transistor
function;

the gate electrode of the selection transistor and an
clectrode of the memory cell are fabricated 1n one step, 1f
appropriate;

the gate may be divided, if appropnate, 1n order to obtain
an additional control input for ensuring that the non selected
cells do not contribute to the current flow during reading 1n
a matrix configuration;

the operating point of the memory cell can be adapted to
the polymer-based transistors by varying the layer thickness

and the material (1-50 V, preferably 5-15 V);

the size of the memory cell 1s non critical since it 1s
formed on inexpensive substrate material (polymer films,
paper) and the price 1s not determined by the chip size;

the signal swing for read/write can be controlled by the
s1ze of the memory cell, 1.e. scaling problems do not occur

(1-100 pm®);
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the non destructive read-out 1s effected via the state of the
integrated transistor (ON-OFF); and

writing 1s eflected using the capacitor/gate electrodes.

One mventive 1dea resides 1n the construction of an
integrated transistor that contains a capacitor-like cell,
whose conductivity can be changed.

In one form of the memory cell, the memory cell has gate
clectrodes and a conductivity-modulatable material 1n
between. One electrode simultaneously forms the outer gate
clectrode of the field-efiect transistor constructed above that.
The further components of the transistor are formed by a
gate dielectric, the source electrode and the drain electrode.
The channel 1s formed between the source and drain at the
interface between an organic semiconductor and the gate
dielectric. By dividing the gate electrode, it 1s possible to
integrate an additional control input into the component.

The functioning of the component 1s explained below:

Assumption: The conductivity modulation material shall
be at a high impedance in the basic state and 1s modulated
in 1ts conductivity only between the electrodes. In order to
explain the functioning, 1t 1s furthermore assumed that the
organic semiconductor 1s formed from the p-type channel
maternal pentacene. If the conductivity-modulatable material
1s 1n the high-impedance state, then the transistor sees an
area-related 1nput capacitance €1/d1+d2*(€1/€2)). Here
d1, d2 are the thicknesses of the gate dielectric and of the
conductivity modulation layer, respectively, of the field-
eflect transistor, and €1 and &2 are the dielectric constants
of the gate dielectric and of the conductivity modulation
layer, respectively. When a specific voltage, e.g. VDD, 1s
applied to the outer electrode of the capacitor, the inner
clectrode remaining floating, a current of magnitude I1 thus
flows through the transistor.

In contrast, 1f the conductivity-modulating material 1s 1n
the low-impedance state, then the transistor sees an area-
related mnput capacitance of only €1/d1, where d1 1s the
thickness of the gate dielectric of the field-eflect transistor.
When a specific voltage, e.g. -VDD, 1s applied to the outer
clectrode of the capacitor, the mner electrode remains float-
ing, and a current of magnitude 12>I1 thus tflows through the
transistor. The difference between I1 and 12 becomes greater,
the larger €1 and the smaller d1, and the lower €2 and the
larger d2.

By applying suitable current or voltage pulses to the gate
electrodes, the material can be switched back and forth
between the high- and low-impedance states.

In a further embodiment, the current tflow through non
selected cells 1n a matrix configuration can be suppressed
independently of the state of the conductivity-modulating
material.

In addition, by using a suitable material, the configura-
tions are suitable as multilevel memornies. Depending on the
region 1n which the dielectric constant of the capacitor can
be altered, it 1s possible to set a plurality of states. In this
way, more than one bit can be stored in a memory cell and
a multilevel memory element can thus be realized.

-

T'he following materials are conceivable:

i

T'he substrate materials used are highly diverse. Examples
that may be mentioned here are flexible films made of metal
(copper, nickel, gold, 1ron sheet, etc.), plastics (polystyrene,
polyethylene, polyester, polyurethanes, polycarbonates,
polyacrylates, polyimides, polyether, polybenzoxazoles,
etc.) or paper. Suitable organic semiconductors are the
p-type semiconductors based on the condensed aromatic
compounds (anthracene, tetracene, pentacene), poly-
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thiophene (poly-3-alkylthiophene, polyvinylthiophene),
polypyrroles or the organometallic complexes (Cu) of phtha-
locyanine or porphyrin.

Organic and 1norganic compounds whose conductivity or
dielectric constant can be electrically altered 1n a wide range
are appropriate as a modulation material between the two
gate electrodes. In particular, monolayers or films of finite
thickness based on bispyridinium or TCNQ are particularly
suitable, but so are inorganic materials such as chalco-
genides.

The gate dielectrics may be either of inorganic or of
organic nature. The integration of the inorganic dielectric
silicon dioxide, silicon nitride, aluminum oxide, zinc oxide,
hatnium oxide and/or the like 1s conceivable. As organic
materials, polystyrene, polyethylene, polyester, polyure-
thanes, polycarbonates, polyacrylates, polyimides, poly-
cther, polybenzoxazoles are particularly suitable because of
their potential printability.

For the fabrication of the electrodes and connecting lines
between the cells and transistors, metals (Pd, Au, Pt, N1, Cu,
T1, etc.) are suitable because of their low non reactive
resistance. For less stringent demands, 1t 1s also possible to
use organic doped semiconductors such as camphorsulifonic-
acid-doped polyaniline and polystyrenesulfonic-acid-doped
polythiophenes.

Other features which are considered as characteristic for
the invention are set forth 1n the appended claims.

Although the invention 1s 1llustrated and described herein
as embodied in a semiconductor memory cell and semicon-
ductor memory device, 1t 1s nevertheless not itended to be
limited to the details shown, since various modifications and
structural changes may be made therein without departing
from the spirit of the mvention and within the scope and
range of equivalents of the claims.

The construction and method of operation of the inven-
tion, however, together with additional objects and advan-
tages thereof will be best understood from the following
description of specific embodiments when read 1n connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-3 show sectional side views of different embodi-
ments of an mventive semiconductor memory cell;

FIG. 4 shows an equivalent circuit diagram relating to the
embodiment shown in FIG. 3; and

FIGS. 5-10 show six different structures of field-effect
transistor devices using organic semiconductor materials.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIGS. 1 to 4 below, 1dentical reference symbols always
designate 1dentical. structures and functional elements, and
a detailed description 1s not given or repeated each time they
occur. The substrate 1s situated in each case below the
configuration shown and 1s not illustrated 1n each case.

Referring now to the figures of the drawing 1n detail and
first, particularly, to FIG. 1 thereot, there 1s shown a lateral
cross-sectional view of a first embodiment of the inventive
semiconductor memory cell 1.

In the exemplary embodiment shown 1n FIG. 1, a field-
cllect transistor device T 1s formed 1n an essentially electri-
cally insulating material region 20. The device includes two
source/drain regions SD1 and SD2, between which a chan-
nel region K 1s provided.
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The configuration of the field-effect transistor device 1s
provided on a substrate region that 1s not illustrated. The
possible substrate materials are highly diverse. By way of
example, 1t 1s possible to use flexible films made of metal,
for example, made of copper, nickel, gold, 1ron sheet, etc.,
made of plastics, for example, polystyrene, polyethylene,
polyester, polyurethane, polycarbonate, polyacrylate, poly-
imide, polyether, polybenzoxazole, etc., but also made of
paper. When conductive materials are used, it 1s necessary to
provide an additional insulating layer made of inorganic or
organic dielectrics. In this case, appropriate 1norganic
dielectrics are once again silicon dioxide, silicon nitride,
aluminum oxide, zinc oxide, hatnium oxide and/or the like.
Polystyrene, polyethylene, polyester, polyurethanes, poly-
carbonates, polyacrylates, polyimides, polyether, polyben-
zoxazoles and/or the like are conceilvable as organic dielec-
trics.

An msulation region I, for example, a gate oxide region
GOX having the thickness d, 1s formed below the configu-
ration 1including the first source/drain region SD1, the chan-
nel region K and the second source/drain region SD2.
Situated below the insulation region I i1s the modulation
region M having the thickness D, which may be bounded
laterally by the extent of the source/drain regions SD1, SDD2
and the channel region K provided in between, or else be
applied over the whole area. The geometrical configuration
may also be upside down, 1n principle.

The modulation region M has a modulation material
which, 1in the exemplary embodiment shown 1n FIG. 1, can
assume a first high-impedance conductivity state having a
specific conductivity gm with a first value gm1 and a second
low-impedance conductivity state having a specific conduc-
tivity gm with a second value gm2: 0=gml<<gm?2.

The first gate electrode G1 or outer gate electrode G1 of
the gate electrode configuration GE 1s provided directly
below the modulation region M. The modulation region M,
together with the first or outer gate electrode 1, forms the
gate configuration G of the semiconductor memory cell 1.

The source/drain regions SD1, SD2 and the first gate
clectrode G1 can be electrically connected externally via
respective contacts, indicated diagrammatically here by C1,
C2 and C3, respectively. The contact connection of the
source/drain regions SD1, SD2 and gate regions generally
depends on the architecture of the chosen memory matrix.
Particular preference 1s attached to configurations in which
as many cells as possible are connected to one another 1n a
suitable manner by source/drain and gate regions that are
continuously connected to one another. The contact connec-
tion 1s then effected at the edge of the memory matrix.
However, a wiring with additional lines 1s also conceivable.

For consideration below, the conductivity of the material
of the modulation region shall be switchable. During the
operation of the embodiment of FIG. 1, 1n a {irst operation
state, then, the material of the modulation region M shall
have the value gml for the specific conductivity gm. A
voltage UGS shall then be applied to the gate electrode G1,
which voltage does not intfluence the modulation material M.
On account of the high impedance or low conductivity gm
of the material of the modulation region M, the entire
applied gate/source voltage UGS of the value UGS 1s
dropped across the modulation region M and the msulation
region GOX, that 1s to say over a total layer thickness
D'=D+d. Accordingly, in the region of the channel K, the
field strength assumes approximately a value E1=UGS1/(D+
d), that 1s to say a comparatively low field strength value at
which the channel K has a low conductivity and thus carries
a source/drain current ISD with a small value ISD1.
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By the application of a suitable current or voltage pulse,
the modulation material M 1s then switched into the low-
impedance state, that 1s to say the following then holds true:
om2>>gml. This would correspond to a low-impedance
conductivity state. Consequently, the modulation region M
thus forms, as 1t were, an extension of the first gate electrode
(1. The entire applied gate/source voltage UGS of the value
UGS2 1s thus dropped across the comparatively small layer
thickness d of the insulation region I, GOX having the
thickness d, so that a very much greater electric field
strength E of the value E2=UGS2/d>>E1 1s impressed on the
channel region K, as a result of which the channel region K
thus has a very much higher channel conductivity and thus
carries a very much larger channel current 12>>11.

In this way, through the modulation of the specific elec-
trical conductivity gm of the modulation region M to values
oml<<gm?2, a storage of two states can be effected and then
also measured 1n accordance with the current values
[SD1<<ISD2.

FIG. 2 shows an extension of the embodiment of FIG. 1,
in which a second gate electrode G2 of the gate electrode
configuration GE of the gate region G 1s configured directly
below the msulation region I, GOX and directly above the
modulation region M. This electrode G2 i1s contact-con-
nected at the edge of the memory matrix or by contacts. The
modulation of the conductivity gm of the modulation region
M can then be controlled better by using this additional
second gate electrode G2. I appropnate, a contact device,
indicated diagrammatically here by C4, for contact-connect-
ing the second gate electrode G2 may also be eliminated, so
that the second gate electrode G2 acts as a floating gate.

In the embodiment shown 1 FIG. 3, a spacing dd 1s
formed between the second gate electrode G2 and the
insulation region I, GOX. The imter space 1s provided with
a so-called gate dielectric GD having a dielectric constant
—d, and having a layer thickness dd.

In the embodiment of FIG. 3, the second gate electrode
(G2 performs the same function as 1 FIG. 2, that 1s to say 1t
may be formed as a floating gate, or be contact-connected at
the matrix edge or directly. A third gate electrode G3 1s
provided laterally, 11 appropriate slightly spatially at a dis-
tance from the second gate electrode G2 and 1s electrically
insulated from the latter. The third gate electrode G3 1s
clectrically contact-connected externally at the matrix edge
or directly with the corresponding further contact, as is
indicated diagrammatically here by C4. The second gate
electrode (G2 fulfills the function described above, while the
independent third gate electrode G3 i1s formed for control-
ling the channel region K independently of the storage state
in accordance with the material properties of the modulation
region M, without the modulation region M being critically
influenced in the process.

The modulation region M having a layer thickness D and
a dielectric constant €m 1s once again provided between the
first gate electrode G1 and the second gate electrode and/or
third gate electrode G2, G3.

FIG. 4 shows an equivalent circuit diagram of the embodi-
ment of FIG. 3 with omission of the third gate electrode G3.
The layer thicknesses of the second gate electrode and of the
gate oxide GOX additionally have been disregarded.

In the high-impedance state gm=gm1, 1t emerges from the
configuration of FIG. 4 that the total layer thickness D'=D+
dd and, consequently, the serially added capacitances of the
modulation region M and of the gate dielectric GD take
cllect with respect to the channel region K. This total serial
capacitance corresponds 1n area-specific form to the value

cd*em/(D*ed+dd*Em).
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In the low-impedance conductivity state gm=gm?2, the
interface of the gate/source capacitance arises directly at the
interface toward the second gate electrode G2. Conse-
quently, 1t 1s essentially exclusively the gate dielectric layer
GD that takes eflect, so that the channel region K sees the
specific capacitance &d/dd in the low-impedance conduc-
tivity state of the modulation layer M.

Consequently, 1mn the second case, the electromagnetic
influencing of the channel region K on account of the higher
field strength 1s very much greater than 1n the high-imped-
ance conductivity state of the modulation region M, so that
the following relation holds true for the current flow ISD2 1n

the second case and ISD1 1n the first case: ISD2>>ISD1.
FIGS. 5§ to 10 show sectional side views of field-eflect
transistor devices based on the present mvention using
organic semiconductor materials. The same reference sym-
bols always designate the same or identically acting ele-

ments 1 all of the figures.
The gate electrode B2, the gate dielectric layer B3, the

source contact B4, the drain contacts B5S and the organic
semiconductor layer B6 are in each case deposited succes-
sively 1n a corresponding order onto a suitable substrate Bl
and are patterned 1n accordance with the required topologi-
cal properties.

We claim:

1. A semiconductor memory cell including a field-effect
transistor device based on organic semiconductor material,
the field-eflect transistor device comprising:

a first source/drain region, a second source/drain region,

a channel region formed between said first source/drain
region and said second source/drain region, a gate
region having a gate electrode configuration with a first
gate electrode, and an insulation region insulating said
gate region from said channel region, said channel
region having or being formed from an organic semi-
conductor material; and

at least one modulation region configured between said

first gate electrode of said gate electrode configuration
and said msulation region;

different information states being detectable and/or rep-

resentable as different electric currents flowing through
said channel region when a given electrical potential
difference 1s applied between said first source/drain
region and said second source/drain region;

satrd modulation region including modulation material

having at least two states;

said modulation region being controllably modulatable

between said states to electromagnetically influence
said channel region, 1n accordance with said states, for
a given electrical potential difference applied between
said first gate electrode and said first and second
source/drain regions; and

satd modulation material of said modulation region

enabling a capacitance modulation, said modulation
material having a modulatable property selected from a
group consisting of a specific electrical conductivity, a
dielectric property, and a polarnization property.

2. The semiconductor memory cell according to claim 1,
wherein said channel region has an electrical conductivity
that 1s controllable by said states of said modulation material
and/or by changes of said states of said modulation materal.

3. The semiconductor memory cell according to claim 1,
wherein different electric field strengths and/or electrical
potential diflerences are applied to said channel region by
said states of said modulation material and/or by changes of
said states of said modulation material.
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4. The semiconductor memory cell according to claim 1,
wherein said modulation material has a property that can be
modulated by a thermal exposure, electrical exposure, mag-
netic exposure, and/or electromagnetic exposure.

5. The semiconductor memory cell according to claim 1,
turther comprising a second gate electrode.

6. The semiconductor memory cell according to claim 5,
wherein said second gate electrode 1s configured between
said 1nsulation region and said modulation region or
between said insulation region and said modulation material.

7. The semiconductor memory cell according to claim 3,
wherein said second gate electrode 1s configured directly
adjacent said insulation region.

8. The semiconductor memory cell according to claim 5,
wherein said modulation material 1s configured directly or
immediately between said first gate electrode and said
second gate electrode.

9. The semiconductor memory cell according to claim 35,
wherein said modulation region 1s configured directly or
immediately between said first gate electrode and said
second gate electrode.

10. The semiconductor memory cell according to claim 5,
wherein said second gate electrode 1s formed as a free gate
clectrode or as a floating gate.

11. The semiconductor memory cell according to claim 5,
turther comprising a third gate electrode configured as a
control electrode located directly laterally proximal to said
second gate electrode.

12. The semiconductor memory cell according to claim
11, further comprising an electrically mnsulating gate dielec-
tric region configured between said third gate electrode and
said insulation region.

13. The semiconductor memory cell according to claim 5,
turther comprising an electrically insulating gate dielectric
region configured between said second gate electrode and
said insulation region.

14. The semiconductor memory cell according to claim 1,
wherein said modulation region has a first high-impedance
state and a second low-impedance state.

15. The semiconductor memory cell according to claim 1,
wherein said modulation material has a first high-impedance
state and a second low-impedance state.

16. The semiconductor memory cell according to claim 1,
wherein said modulation material includes an organic com-
pound and/or an norganic compound.

17. The semiconductor memory cell according to claim 1,
wherein said modulation material 1s formed as a monolayer
of an organic compound and/or an norganic compound.

18. The semiconductor memory cell according to claim 1,
wherein said modulation material includes an organic com-
pound based on a material selected from a group consisting,
of bispyridinium, TCNQ), an organometallic compound of
bispyridinium, and an organometallic compound of TCNQ).

19. The semiconductor memory cell according to claim 1,
wherein said modulation material includes Cu/TCNQ.

20. The semiconductor memory cell according to claim 1,
wherein said modulation material includes 1norganic modu-
lation material selected from a group consisting of chalco-
genides and solid-state 1onic conductors 1including a metal.

21. The semiconductor memory cell according to claim 1,
turther comprising a gate dielectric including an morganic
compound and/or an organic compound.

22. The semiconductor memory cell according to claim 1,
turther comprising a gate dielectric formed from an 1nor-
ganic compound and/or an organic compound.

23. The semiconductor memory cell according to claim 1,
turther comprising a gate dielectric including an organic
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maternial selected from a group consisting of polymers,
polystyrene, polyethylene, polyester, polyurethane, polycar-
bonate, polyacrylate, polyimide, polyether, polybenzox-
azoles, mixtures thereof, and compounds thereof.

24. The semiconductor memory cell according to claim 1,
turther comprising a gate dielectric including an norganic
material selected from a group consisting of silicon dioxide,
silicon nitride, aluminum oxide, zinc oxide, hatnium oxide,
mixtures thereof, and compounds thereof.

235. The semiconductor memory cell according to claim 1,
wherein at least one element selected from a group consist-
ing of said first source/drain region, said second source/drain
region, and said first gate electrode includes or 1s formed
from a metal.

26. The semiconductor memory cell according to claim
235, wherein said metal 1s selected from a group consisting of
palladium, gold, platinum, nickel, copper, titanium, mixtures
thereof, and compounds thereof.

277. The semiconductor memory cell according to claim 1,
comprising at least one lead including a metal selected from
a group consisting of palladium, gold, platinum, nickel,
copper, titanium, mixtures thereof, and compounds thereof.

28. The semiconductor memory cell according to claim 1,
wherein at least one element selected from a group consist-
ing of said first source/drain region, said second source/drain
region, and said first gate electrode includes or 1s formed
from a doped semiconductor material.

29. The semiconductor memory cell according to claim
28, wherein said doped semiconductor material includes an
inorganic and/or organic semiconductor material selected
from a group consisting ol camphorsulfonic-acid-doped
polyanilines, polystyrenesulionic-acid-doped poly-
thiophenes, mixtures thereof, and compounds thereof.

30. The semiconductor memory cell according to claim 1,
comprising at least one lead including a doped inorganic
and/or organic semiconductor material.

31. The semiconductor memory cell according to claim
30, wherein said doped semiconductor matenial 1s selected
from a group consisting of camphorsulfonic-acid-doped
polyanilines, polystyrenesulfonic-acid-doped poly-
thiophenes, mixtures thereof, and compounds thereof.

32. The semiconductor memory cell according to claim 1,
wherein said organic semiconductor material 1s a p-type
semiconductor material.

33. The semiconductor memory cell according to claim 1,
wherein said organic semiconductor material 1s based on a
condensed aromatic compound.

34. The semiconductor memory cell according to claim
33, wherein said condensed aromatic compound 1s selected
from a group consisting of anthracene, tetracene, and pen-
tacene.

35. The semiconductor memory cell according to claim 1,
wherein said organic semiconductor material 1s based on
polythiophene.

36. The semiconductor memory cell according to claim
35, wherein said polythiophene 1s selected from a group
consisting of poly-3-alkylthiophene and polyvinylth-
iophene.

377. The semiconductor memory cell according to claim 1,
wherein said organic semiconductor material 1s based on an
organometallic complex.

38. The semiconductor memory cell according to claim
377, wherein said organometallic complex uses a copper of
phthalocyanine or porphyrin.

39. The semiconductor memory cell according to claim 1,
wherein said organic semiconductor material 1s a p-type
semiconductor material.
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40. The semiconductor memory cell according to claim 1,
wherein said organic semiconductor material 1s based on a
condensed aromatic compound.

41. The semiconductor memory cell according to claim
40, wherein said condensed aromatic compound 1s selected
from a group consisting of anthracene, tetracene, and pen-
tacene.

42. The semiconductor memory cell according to claim 1,
wherein said organic semiconductor material 1s based on
polythiophene.

43. The semiconductor memory cell according to claim
42, wherein said polythiophene 1s selected from a group
consisting of poly-3-alkylthiophene and polyvinylth-
iophene.

44. The semiconductor memory cell according to claim 1,
wherein said organic semiconductor material 1s based on an
organometallic complex.

45. The semiconductor memory cell according to claim
44, wherein said organometallic complex uses a copper of
phthalocyanine or porphyrin.

46. The semiconductor memory cell according to claim 1,
turther comprising a flexible substrate.

47. The semiconductor memory cell according to claim
46, wherein said flexible substrate includes at least one metal
selected from a group consisting of nickel, gold, and iron
sheet.

48. The semiconductor memory cell according to claim
46, wherein said flexible substrate includes at least one
plastic selected from a group consisting of polystyrene,
polyethylene, polyester, polyurethane, polycarbonate, poly-
acrylate, polyimide, polyether, and polybenzoxazole.

49. The semiconductor memory cell according to claim
46, wherein said tlexible substrate includes paper.

50. A semiconductor memory device including a plurality
of memory cells, each one of the plurality of memory cells
including a field-effect transistor device based on organic
semiconductor material, the field-effect transistor device
comprising;

a first source/drain region, a second source/drain region,

a channel region formed between said first source/drain
region and said second source/drain region, a gate
region having a gate electrode configuration with a first
gate electrode, and an insulation region insulating said
gate region from said channel region, said channel
region having or being formed from an organic semi-
conductor material; and

at least one modulation region configured between said

first gate electrode of said gate electrode configuration
and said insulation region;
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different information states being detectable and/or rep-
resentable as different electric currents tlowing through
said channel region when a given electrical potential
difference 1s applied between said first source/drain
region and said second source/drain region;

satid modulation region including modulation material

having at least two states;

said modulation region being controllably modulatable

between said states to electromagnetically influence
said channel region, 1n accordance with said states, for
a given electrical potential difference applied between
said first gate electrode and said first and second
source/drain regions; and

said modulation material of said modulation region

enabling a capacitance modulation, said modulation
material having a modulatable property selected from a
group consisting of a specific electrical conductivity, a
dielectric property, and a polarization property.

51. The semiconductor memory device according to claim
50, wherein said first source/drain region of one of said
plurality of said memory cells 1s connected to said first
source/drain region of other ones of said plurality of said
memory cells.

52. The semiconductor memory device according to claim
50, wherein said second source/drain region of one of said
plurality of said memory cells 1s connected to said second
source/drain region of other ones of said plurality of said
memory cells.

53. The semiconductor memory device according to claim
50, wherein said gate region of one of said plurality of said
memory cells 1s connected to said gate region of other ones
of said plurality of said memory cells.

54. The semiconductor memory device according to claim
50, comprising an additional metallization or metal track
connecting said {first source/drain region of one of said
plurality of said memory cells to said first source/drain
region of other ones of said plurality of said memory cells.

55. The semiconductor memory device according to claim
50, comprising an additional metallization or metal track
connecting said second source/drain region of one of said
plurality of said memory cells to said second source/drain
region of other ones of said plurality of said memory cells.

56. The semiconductor memory device according to claim
50, comprising an additional metallization or metal track
connecting said gate region of one of said plurality of said
memory cells to said gate region of other ones of said
plurality of said memory cells.
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